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(54) Microwave integrated circuit multi-chip-module and mounting structure therefor 



(57) A package substrate 3 has a high frequency 
transmission line, which is formed by a high frequency 
circuit layer 8 formed on the surface, a grounding layer 
10b formed thereunder and a dielectric ceramic inter- 
vening between the layers 8 and 10b, and also has a 
plurality of MMICs 14. A lid 18 as a shielding member 
which electromangetically shields the high frequency 
transmission line and the MMICs 14 from one another, 
is bonded to the surface of the package substrate 3. The 



lid 18a has recesses 18a formed such as to face the 
high frequency transmission line and the MMICs 14. 
The surface of the package substrate 3 and the outer 
periphery of the lid 18 are hermetically sealed together 
by water-resistant resin. Thus, a step of bonding a 
shielding member is simplified and the yield of hermetic 
sealing of the bonded part of the shielding member is 
improved. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to multi-chip- 
modules, in which a plurality of microwave/millimeter- 
wave integrated circuits (hereniafter referred to as 
MICS) utilizing electromngetic waves in micro-band to 
miili-band are mounted in a package substrate. 
[0002] In a prior art multi-chip-module with a plurality 
of MICs mounted therein, a microwave/millimeterwave 
transceiving circuit is constructed such that elementary 
circuits such as amplifiers and oscillators or composite 
circuits such as one in which a multiplier and an ampli- 
fier are made integral, one in which a mixer and an 
amplifier are made integral, and one in which a transmit- 
ting unit or a receiving unit are made integral, are inter- 
connected by metal waveguide circuits or three- 
dimensional circuits. 

[0003] Particularly, in a multi-chip-module, a low tem- 
perature simultaneous baking substrate such as glass 
ceramic substrate is used as dielectric substrate, is as 
lowas3W/m • K of heat conductivity. To cope with this, 
a multi-chip-module having heat radiation via holes for 
promoting heat radiation, is proposed in, K. Ikuina et. 
al., "Glass-Ceramic Multi-chip-module for Satellite 
Microwave Communication System", Proc. ICEMCM 
'95. 1995. pp. 483-488. 

[0004] However, even in the multi-chip-module pro- 
posed in the above treatise, the thermal conductivity is 
at most several W/m • K, and it is impossible to greatly 
improve the heat radiation efficiency. Accordingly, a 
structure in which metal is applied or buried for permit- 
ting heat dissipation from a semiconductor chip is pro- 
vided as a means for improving the heat radiation 
efficiency. 

[0005] In the above treatise is also proposed a multi- 
chip-module having a structure that lids as shielding 
members for shielding high frequency circuits and func- 
tional elements from one another are each bonded to a 
package substrate for each function element constituted 
by a monolithic MIC such as an oscillator, a mixer, an 
amplifier and a transceiver. 

[0006] Heretofore, a ceramic package of the mutti- 
chip-module is connected to a printed circuit board as a 
mounting substrate by forming solder balls on an elec- 
trode pad provided on the ceramic package and con- 
necting the ceramic package via the solder ball to the 
printed circuit board. This method of connection is 
called BGA (Ball Grid Array) connection. As another 
connecting means, the ceramic package is mounted on 
the printed circuit board by soldering LCC (Leadless 
Chip Carrier) electrodes provided on the ceramic pack- 
age to the printed circuit board. 

[0007] However, in the multi-chip-module, in which the 
microwave/milimeterwave transceiving circuit is such 
that elementary circuits and composite circuits are inter- 
connected by metal waveguide circuits and three- 



dimensional circuits, has a drawback that the metal 
waveguides is complicated in shape and also such 
steps as screwing and welding are required for the 
waveguide formation. This is undesired from the stand- 

5 point of reducing the cost of the multi-chip-module. 
[0008] In the multi-chip-module, in which metal is 
applied or buried for dispersing heat from the semicon- 
ductor chip, the metal has a thickness of at least 0.2 to 
0.5 mm in view of the limit of the processing accuracy, 

10 and discontinuity of high frequency grounding surface is 
produced, thus deteriorating the high frequency charac- 
teristics. 

[0009] In the multi -chip-module, in which lids are each 
bonded for each function element for electromagnetic 

is shielding and hermetical sealing of function elements 
from one anther, a plurality of lids should be bonded to 
the package substrate and hermetically sealed. In this 
bonding step, the yield value of the hermetical sealing is 
an accumulation of the yield value of the hermetical 

20 sealing of one lid by the number of lids mounted on the 
package substrate, and is therefore very low. In addi- 
tion, when defective sealing is detected in the bonded 
part of either one of the lids as a result of a leak test 
conducted on the completed mulitichip module, it is dif- 

25 f icult to determine which one of the lids has the deffec- 
tively sealed bonded part because of the multiple lid 
structure of this multi -chip-module. 
[0010] Furthermore, in the prior art structure, in which 
the ceramic package of the multi-chip-module is sol- 

30 dered to the printed circuit board, as low linear thermal 
expansion coefficient of the ceramic substrate, for 
instance of aluminum nitride, as 3.5 to 4.5 ppm/°C, 
gives rise to the following problem in the connection. 
When the connection is made by using solder with a lin- 

35 ear thermal expansion coefficient of 13 to 16 ppm/°C 
(for instance "FR-4", manufactured by Mitsubishi Gas 
Chemical Co.. Ltd.), cracks or fissures are generated in 
solder bonded parts by working ambient temperature 
changes, as described in, Yoji Kanuma, "Efficient Way 

40 and Actual Practice of Reliability Acceleration Tests", 
pp. 161-165 published on October 4, 1997. Therefore, it 
has been impossible to realize as large package as 
more than 20 mm on one side. 

45 SUMMARY OF THE INVENTION 

[001 1 ] An object of the present invention is to provide 
a microwave integrated circuit multi -chip- module, which 
permits simplification of the step of bonding the shield- 
so ing member and improving the yield of the hermetical 
shielding on the bonded part of the shielding member. 
[0012] Another object of the present invention is to 
provide a microwave integrated circuit multi-chip-mod- 
ule mounting structure, in which portions connected to 
55 the mounting substrate are not readily broken apart by 
heat generation in the microwave integrated circuit 
multi-chip-module. 

[0013] According to an aspect of the present inven- 
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tion, there is provided a microwave integrated circuit 
multi-chip-module comprising a package substrate hav- 
ing a high frequency transmission line formed on the 
surface, a plurality of microwave integrated circuits 
mounted thereon, and a shielding member bonded to 
the surface of the package substrate and electromag- 
netically shielding the high frequency transmission line 
and each microwave integrated circuit from each other, 
wherein the shielding member has recesses formed 
such as to face the high frequency transmission line and 
the microwave integrated circuits and shielding wall por- 
tions partitioning the recesses from one anther. 
[0Q14] In this structure, the high frequency transmis- 
sion line and each microwave integrated circuit of the 
microwave integrated circuit multi-chip-module are elec- 
tromagnetically shielded by a single shielding member. 
Thus, the bonding of the shielding member to the pack- 
age substrate is completed in a single step, thus simpli- 
fying the shielding member boding process. 
[001 5] The surface of the package substrate and the 
outer periphery of the shielding member are hermeti- 
cally shielded from each other by fillets made of a water- 
resistant material or a solder. Thus, the yield of the her- 
metical shielding on the bonded part of the shielding 
member is improved. 

[0016] The package substrate has a tubular 
waveguide part for guiding electromagnetic waves 
inputted to or outputted from the high frequency trans- 
mission line. The waveguide part has a plurality of via 
holes formed in a predetermined interval in a tubular 
fashion in the package substrate. 
[0017] Accorcfing to another aspect of the present 
invention, there is provided a mounting structure for 
mounting a microwave integrated circuit multi-chip-mod- 
ule comprising the microwave integrated circuit multi- 
chip-module described above, and a mounting sub- 
strate with the microwave integrated circuit multi-chip- 
module mounted therein, wherein the side surfaces of 
the package module of the microwave integrated circuit 
module has external connection electrodes connected 
to the microwave integrated circuits, and the mounting 
substrate has a receptacle member with the microwave 
integrated circuit multi-chip-module mounted therein 
and having flexible connector terminals connected to 
the external connection electrodes of the microwave 
integrated circuit multi-chip-module. 
[0018] In this structure, even when the microwave 
integrated circuit multi-chip-module is inflated by heat 
generation in the microwave integrated circuits, the 
inflation is absorbed by flexing deformation of the con- 
nector electrodes, thus improving the reliability of the 
connection between the microwave integrated circuit 
multi-chip-module and the mounting substrate. 
[001 9] At least a portion of parts of the mounting sub- 
strate and the receptacle member that face the micro- 
wave integrated circuit multi-chip-module when the 
microwave integrated circuit multi-chip-module is 
mounted in the receptacle member, has an opening, a 



projection formal in a support member with the micro- 
wave integrated circuit multi-chip-module mounted 
therein being inserted through the opening. Thus it is 
possible to radiate the heat generated in the MMICs is 
5 conducted through the projection of the support mem- 
ber to the outside. 

[0020] According to other aspect of the present inven- 
tion, there is provided a microwave integrated circuit 
multi-chip-module comprising a package substrate of a 

10 high temperature co-fired ceramic of a dielectric prop- 
erty including a plurality of high frequency circuit por- 
tions formed on the surface, and a shielding member of 
a non-magnetic metal having plurality of recesses 
formed in position corresponding to the respective high 

75 frequency circuit portions, the package substrate and 
the shielding member being bonded for electromagnets - 
cally shielding the high frequency circuit portions. 
[0021] The shielding member is of tungsten and the 
package substrate is beryllia or nitride. The package 

20 substrate is made of aluminum nitride, beryllia or silicon 
nitride. The package substrate and the shielding mem- 
ber being bonded together by a conductive adhesive or 
a solder. The surface of the package substrate and 
edge of the shielding member are hennetically sealed to 

25 one another by fillets of moisture-resistant resin or a sol- 
der. 

[0022] According still other aspect of the present 
invention, there is provided a mounting structure for 
mounting a microwave integrated circuit multi-chip-mod- 

30 ule comprising a package substrate of a high tempera- 
ture co-fired ceramic of a dielectric property including a 
plurality of high frequency circuit portions formed on the 
surface, a shielding member of a non-magnetic metal 
having plurality of recesses formed in position corre- 

35 sponding to the respective high frequency circuit por- 
tions, the package substrate and a plurality of leadless 
chip carrier electrodes, the shielding meter being 
bonded for electromagnetically shielding the high fre- 
quency circuit portions; and a receptacle having a plu- 

40 rality of flexible connector electrodes each connected to 
the corresponding leadless chip carrier electrode. 
[0023] The leadless electrodes is mounted by a solder 
re-flow on a printed circuit board as a mounting board. 
The leadless electrodes is mounted by a solder re-flow 

45 on a printed circuit board as a mounting board and the 
printed circuit board is secured a mother board as a 
support member of a metal. The leadless electrodes is 
mounted by a solder re-flow on a printed circuit board as 
a mounting board, the printed circuit board is secured a 

so mother board as a support member of a metal, and the 
projection of the mother board has a rectangular hole 
facing rectangular cavity formed in the multi-chip-mod- 
ule functioning as part of the tubular waveguide. The 
package substrate is made of aluminum nitride, beryllia 

55 or silicon nitride. A buffer plate is inserted between the 
package substrate and the high frequency circuit por- 
tion in order to reduce the mechanical stress caused to 
the high frequency circuit portion due to the difference 
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of the temperature expansion coefficients. 

[0024] Other objects and features will be clarified from 

the following description with reference to attached 

drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] 

Fig. 1 is a sectional view showing an an embodi- 
ment of the microwave IC multi-chip-module 
according to the present invention in a state that an 
LCC package and a lid of the module are separated 
from each other; 

Fig. 2 is a plan view showing the substrate type cir- 
culator shown in Fig. 1 ; 

Fig. 3 is a perspective view showing the LCC pack- 
age of the multi-chip-module shown in Fig. 1 with 
some of the structure shown separately; 
Fig. 4 is a sectional view showing the multi-chip- 
module shown in Fig. 1 in a state that the LCC 
package and the lid are bonded together; and 
Fig. 5 is an exploded sectional view showing the 
multi-chip-module shown in Fig. 1 together with a 
printed circuit board and a mother board and so 
forth, in which the multi -chip-module is mounted. 

PREFERRED EMBODIMENTS OF THE INVENTION 

[0026] Preferred embodiments of the present inven- 
tion will now be described with reference to the draw- 
ings. 

[0027] Fig. 1 is a sectional view showing an an 
embodiment of the microwave IC multi-chip-module 
according to the present invention in a state that an LCC 
package and a lid of the module are separated from 
each other. 

[0028] As shown in Fig. 1, the microwave IC multi- 
chip-module (hererinafter referred to as multi-chip-mod- 
ule) 1 comprises an LCC package 2, which is obtained 
by providing a plurality of monolithic microwave ICs 
(hereinafter referred to as MM ICs) 14 and other compo- 
nents on a package substrate 3 which is formed from a 
high temperature co-fired ceramic having a dielectric 
property, such as aluminum nitride. This embodiment of 
the multi-chip-module 1 may utilize not only microwaves 
but also other electromagnetic waves ranging from the 
microwave band to the millimeterwave band. 
[0029] The package substrate 3 of the LCC package 
2 has a blind rectangular cavity open in its back surface. 
The package substrate 3 also has a microstrip antenna 
5 provided on its front surface portion above the rectan- 
gular cavity 4. 

[0030] The package substrate 3 further has a plurality 
of through via holes 6 provided in a tubular fashion 
around the rectangular cavity. The rectangular cavity 4, 
the microstrip antenna 5 and the through holes 6 
together constitute a waveguide part 7. The waveguide 



part 7 has the same longitudinal and transversal dimen- 
sions as those of a tubular waveguide coupled to it. The 
through via holes 6 constituting the waveguide part 7 
are each held in a buried fashion in the dielectric 
5 ceramic of the package substrate 3. The longitudinal 
and transversal dimensions of the rectangular cavity are 
set to be smaller by 0.3 to 1 .0 mm than those of the 
tubular waveguide. 

[0031 ] The through via holes 6 are spaced apart at an 

10 interval, which is sufficiently small compared to one half 
the wavelength of an electromagnetic wave guided by 
the waveguide when the wave is propagated through 
the dielectric ceramic of the package substrate 3. 
Where the dielectric constant er of the dielectric ceramic 

is is 9 when an electromagnetic wave at a frequency of 30 
GHz is propagated, the one half wavelength of the elec- 
tromagnetic wave propagated through the dielectric 
ceramic is about 1 .7 mm. In this case, the through holes 
6 are space apart at an interval of about 1/8 to 1/5 of the 

20 one half wavelength of the wave, i.e., 0.2 to 0.3 mm. 
[0032] On the back surface of the package substrate 
3 a grounding layer 1 0a is formed, and on the back sur- 
face thereof a high frequency circuit layer 8 having a 
high frequency circuit of a thin film conductor formed by 

25 a deposition or photolithographic process. The package 
substrate 3 further internally has a wiring layer 9 pro- 
vided above the back surface grounding layer 10a. for 
DC bias supply and intermediate frequency signal 
transmission, and another grounding layer 10b provided 

30 above the wiring layer 9. The package substrate 3 in this 
embodiment thus has a four-layer conductive layer lam- 
inate. The package substrate 3 further has a plurality of 
LCC electrodes 11 provided on its side surfaces and 
connected to the wiring layer 9. 

35 [0033] In the high frequency circuit of the high fre- 
quency circuit layer 8, a microstrip line is formed as a 
high frequency line by the dielectric ceramic between 
the high frequency circuit layer 8 and the grounding 
layer 10b and the grounding layer 10b. The internal 

40 layer wiring lines formed from the wiring layer 9 and the 
grounding layer 10b, are high frequency shielded (or 
isolated) by through via holes 12 which connect the 
internal layer wiring lines formed from the layers 9 and 
10b. The grounding layer 10b has an escape hole 10c 

45 for preventing the through via holes 12 connecting the 
wiring layer 9 and the high frequency circuit layer 8 from 
being in conduction to the grounding layer 1 0b. 
[0034] The front surface of the package substrate 3 
has a plurality of recesses 13 as deep as to expose the 

so surface of the grounding layer 10b. In the recesses 13, 
MMICs 14, circulators 15 and isolators (not shown) 
formed by using such semiconductor as GaAs or InP 
are accommodated such that they are soldered to the 
grounding layer 10b. The MMICs 14 are each con- 

55 nected by bonding wires 14a to the high frequency cir- 
cuit of the high frequency circuit layer 8. The recesses 
13 accommodating the circulators 15 each have a 
recess 1 3a as deep as to expose the surface of the wir- 



4 



7 EP 0 961 322 A2 8 



ing layer 9. In the recess 13a, a magnetic member 16 of 
a magnetic material, such as Fe-Ni-Co, is accommo- 
dated and secured in position by an adhesive or a sol- 
der. 

[0035] In the package substrate 3, the rectangular 
cavity 4, the microstrip antenna 5 and the waveguide 
part 7 together constitute an electromagnetic wave con- 
verter 17, which leads an electromagnetic wave having 
been guided by the waveguide to the microstrip line or 
conversely leading an electromagnetic wave having 
been propagated along the microstrip line to the 
waveguide. 

[0036] The substrate type circulator 15 shown in Fig. 
1 will now be described with reference to Fig. 2. Fig. 2 is 
a plan view showing the substrate type circulator shown 
in Fig. 1. 

[0037] As shown, the substrate type circulator 1 5 used 
in this embodiment comprises a central circular micros- 
trip conductor portion 15a and a plurality of micro strip 
conductive portions 15b extending from the central por- 
tion 15a. 

[0038] Referring back to Fig. 1 , this embodiment of the 
multi-chip-module 1 comprises a lid 1 8, which serves as 
a shield member for electromagnetically shielding and 
hermetically sealing the high frequency circuit and vari- 
ous function elements formed in the high frequency cir- 
cuit layer 8 of the package module 3. 
[0039] The lid 18 is toned from a non-magnetic metal, 
such as tungsten. The back side of the lid 18 has 
recesses 18a, which are formed in portions correspond- 
ing to the high frequency circuit and the function ele- 
ments in the high frequency circuit layer 8 when the lid 

18 is bonded to the package substrate 3, and shield 
walls 18b partitioning the recesses 18a from one 
another. When the lid 18 is bonded to the package sub- 
strate 3, the shield walls 18b electromagnetically shield 
and hermetically seal the function elements, such as 
oscillators and amplifiers, provided in the high fre- 
quency circuit layer 8 of the package substrate 3 from 
one another. 

[0040] Of the recesses 18a formed in the lid 18, the 
one 18a covering the substrate type circulator 15 has a 
recess 1 8c, which accommodates a permanent magnet 

19 disposed above the circular microstrip conductor 
portion 15a of the substrate type circulator 15. The per- 
manent magnet 19 is held in the recess 18c such that it 
is bonded by an adhesive or the like. The ceiling of the 
recess 18a covering the electromagnetic wave 
exchange circuit 17 serves as a waveguide short-circuit 
surface. 

[0041] In addition, since the lid 18 is formed from the 
non-magnetic material, it does not constitute a cause of 
oscillative deterioration of the magnetic circuits such as 
the substrate type circulator 15 and isolators. Further- 
more, with the soft magnetic member 16 provided 
beneath the substrate type circulator 15 and the perma- 
nent magnet 19 provided above the substrate type cir- 
culator 15, almost all the magnetic force lines from the 



permanent magnet 1 9 are directed toward the soft mag- 
netic member 16, and a uniform static magnetic field is 
applied to the substrate type circulator 15 in a direction 
perpendicular to the surface of the substrate type circu- 
5 lator15. 

[0042] Fig. 3 is a perspective view showing the LCC 
package of the multi-chip-module shown in Fig. 1 with 
some of the structure shown separately. 
[0043] As shown in Fig. 3, the LCC package 2 of the 

w multi^chip-module 1 includes a transmitting part oscilla- 
tor 22 serving as a function element of a transmitting 
part for oscillating a transmitting station signal, a trans- 
mitting part mixer 23 for generating a radio signal 
according to an intermediate frequency signal exter- 

15 nally inputted via the LCC electrodes 1 1 and the trans- 
mitting station signal note before, a substrate type band- 
pass filter 24 for suppressing the transmitting station 
signal and unnecessary waves, and an MMIC amplifier 
25 for amplifying the radio signal. Provided as function 

20 elements of a receiving part are a low noise amplifier 26 
for amplifying a received signal having been inputted to 
the multi-chip-module 1 by being guided along the 
waveguide, a receiving part oscillator 27 for oscillating a 
receiving station signal, and a receiving part mixer 28 

25 for generating an intermediate wave signal according to 
the received signal having been amplified by the low 
noise amplifier 26 and the receiving station signal. The 
above function elements are constituted by MMICs. 
[0044] Fig. 4 is a sectional view showing the multi- 

30 chip-module shown in Fig. 1 in a state that the LCC 
package and the lid are bonded together. 
[0045] As shown in Fig. 4, the lid 18 and the package 
substrate 3 are boned together by a conductive adhe- 
sive 20 or a solder applied to the bonding surfaces of 

35 the lid 28 and the package substrate 3. The surface of 
the package substrate 3 and the edges of the lid 18 are 
hermetically sealed to one another by fillets of moisture- 
resistant resin 21 or a solder with as water absorption 
factor of about 0.2 % or below. The multi-chip-module 1 

40 is obtained in the manner as described. The multi-chip- 
module 1 thus obtained has cavities defined by the 
recesses formed in the lid 1 8 and the package substrate 
3, and the high frequency circuit and the various func- 
tion elements are electromangetically shielded and her- 

45 metically sealed relative to one another. 

[0046] Fig. 5 is an exploded sectional view showing 
the multi-chip-module shown in Fig. 1 together with a 
printed circuit board and a mother board and so forth, in 
which the multi-chip-module is mounted. 

so [0047] As shown in Fig. 5, the murti -chip-module 1 
having the construction as described above is mounted 
in a receptacle 29 having a plurality of flexible connector 
electrodes 30 connected to the LCC electrodes 1 1 . The 
receptacle 29 is mounted by a solder re-flow on the 

55 printed circuit board 31 which serves as a mounting 
board. When the receptacle 29 is mounted, its connec- 
tor electrodes 30 are connected via connection termi- 
nals led out from the connector electrodes 30 and the 
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re-flow solder to the wiring of the printed circuit board 
31. The printed circuit board 31 and the receptacle 29 
have a hole 29a or 31a, respectively, which are pene- 
trated by a boss or a projection 32a of the mother board 
32 to be described later. On the printed circuit board 31 , 
other surface mounting parts are also mounted by the 
solder re-flow. 

[0048] The printed circuit board 31 with the receptacle 
29 mounted thereon is secured by bolts 33 to the 
mother board 32 as a support member made of a metal. 
The lid 1 8 and the package substrate 3 of the multi-chip- 
module 1 thus have bolt holes 34, through which the 
bolts 33 are inserted, The bolt holes 34 formed in the lid 
18 have a diameter greater by 0.1 to 0.5 mm than the 
diameter of those formed in the package substrate 3. 
[0049] The mother board 32 has a boss of a projection 
32a, which is inserted in the holes 29a and 31a of the 
printed circuit board 31 and the receptacle 29 and has 
its top surface held in contact with the back surface of 
the package substrate 3. The projection 32a of the 
mother board 32 has a rectangular hole 32b facing the 
rectangular cavity 4 of the multi -chip-module 1 and 
functioning as part of the tubular waveguide. The pro- 
jection 32a of the mother board 32 also has threaded 
holes 35, in which bolts 33 are screwed. 
[0050] With the above construction, in the multi-chip- 
module 1 a portion near the rectangular hole of the rec- 
tangular cavity 4 is bonded to the mother board 32. 
Thus, the angular cavity 4 of the multi-chip-module 1 
and the rectangular hole 32b of mother board 32 can be 
reliably coupled to each other irrespective of slight 
warping, of the order of 20 *im, produced in the package 
substrate 3. 

[0051] The operation of the embodiment of the multi- 
chip-module 1 having the above construction will now 
be described. 

[0052] First, the operation when an electromagnetic 
wave is propagated from the murti-chip-module 1 to the 
external waveguide will be described. 
[0053] The transmitting station signal from the trans- 
mitting part oscillator 22 of the LCC package 22 is input- 
ted to the transmitting part mixer 23. Also, the 
intermediate wave signal transmitted from the printed 
circuit board 31 via the receptacle 29 to the LCC elec- 
trodes 1 1 of the LCC package 2, is inputted via the wir- 
ing layer 9 of the package substrate 3 to the transmitting 
part mixer 23. The transmitting part mixer 23 generates 
a radio signal according to the input transmitting station 
signal and intermediate wave signal. The radio signal is 
passed through the substrate type band-pass filter 24, 
then amplified in the MMIC amplifier 2, and then trans- 
mitted via the substrate type circulator 15 used com- 
monly for the transmission and reception to the 
microstrip antenna 5. When the radio signal passes 
through the substrate type band-pass filter 24, transmit- 
ting station signal and other unnecessary signals are 
removed. The radio signal having been transmitted to 
the microstrip antenna 5 is emitted via the electromag- 



netic wave converter 1 7 to the waveguide part 7 and the 
rectangular hole 32b coupled to the angular waveguide, 
and propagated along the external waveguide (not 
shown) coupled to the multi-chip-module 1 . 
5 [0054] The operation for receiving the received signal 
having been propagated through the external 
waveguide by the multi-chip-module 1 will now be 
described. 

[0055] The received signal having been propagated 

10 through the external waveguide, is further transmitted 
through the rectangular hole 32b of the mother board 32 
and the waveguide part 7 of the LCC package, and is 
inputted to the electromagnetic wave converter 17. The 
received signal inputted to the electromagnetic wave 

15 converter 17 is inputted via the microstrip antenna 5, 
the substrate type circulator 15 and the substrate type 
band-pass filter 24 to the low noise amplifier 26 for 
amplification. The amplified signal from the low noise 
amplifier 26 is inputted to the receiving part mixer 26. To 

20 the receiving part mixer 28 is also inputted the receiving 
station signal from the receiving part oscillator 27. The 
receiving part mixer 28 generates the intermediate 
wave signal according to the input amplified received 
signal and receiving station signal. The generated inter- 

25 mediate frequency signal passes through the wiring 
layer 9 of the package substrate 3, and is led from the 
LCC electrodes 1 1 of the LCC package 2 via the recep- 
tacle 29 to the printed circuit board 31 . 
[0056] Heat generated in the MMICs 14 is conducted 

30 through the projection 32a of the mother board 32 in 
contact with the package substrate 3 and radiated from 
the mother board 32 to the outside. 
[0057] Since this embodiment of the multi-chip-mod- 
ule 1 has the structure that the lid 18 having a plurality 

35 of recesses is bonded to the LCC package 2, the elec- 
tromagnetic shielding and hermetical sealing of the indi- 
vidual function elements of the high frequency circuit to 
one another is obtainable in a single bonding step. 
Thus, it is possible to simplify the lid bonding process 

40 and also improve the yield of hermetical sealing in the 
lid bonding process compared to the prior art process, 
in which a plurality of lids are bonded. 
[0058] In addition, in the multi -chip-module 1 the LCC 
electrodes 1 1 provided on the side surfaces of the LCC 

45 package 2 are connected to the connector electrodes 
30 of the receptacle 29 mounted on the printed circuit 
board 31 . Thus, even when the multi-chip-module 1 is 
expanded due to heat generation from the MMICs 14 
and other components, the connection of the LCC elec- 

so trodes 1 1 and the connector electrodes 22 to one 
another can be maintained owing to the absorption of 
the expansion by flexing of the flexible connector elec- 
trodes 30. It is thus possible to improve the reliability of 
connection of the multi-chip-module 1 and the mounting 

55 substrate to one another, and, unlike the prior art, it is 
not possible that the portions where the multi-chip-mod- 
ule and the mounting substrate are connected to each 
other is ruptured by an ambient temperature change. A 
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multi-chip-module 1 having as large size as 20 mm or 
above thus can be realized. 

[0059] While the multi-chip-module 1 described above 
used aluminum nitride as the ceramic material of the 
package substrate 3, it is also possible to use other 
materials which have as high thermal conductivity as 
about 20 W/m • K or above and are capable of permit- 
ting multi-layer substrate structure formation, for 
instance beryllia and silicon nitride. 
[0060] Also, while the multi-chip-module 1 described 
above had a structure that the microstrip antenna 5 is 
provided on the front surface of the package substrate 3 
over the rectangular cavity 4 of the non-penetrating type 
open in the back surface, it may also have a different 
structure, for instance one which is obtained by forming 
the package substrate 3 with a rectangular cavity of 
penetrating type and bonding a dielectric ceramic sub- 
strate with a microstrip antenna formed on the front 
opened surface with an adhesive or by soldering to the 
front surface portion of the package substrate 3 with the 
rectangular cavity open therein. As a further alternative, 
it is possible to form a microstrip antenna by forming a 
ceramic package with a non-penetrating cavity (or 
waveguide part), which is open in the top surface and 
has a bottom constituted by a lowermost non-conduc- 
tive dielectric layer, and arranging a separate dielectric 
substrate such as to project into the waveguide part 
along the side surfaces thereof. 
[0061] As has been described in the foregoing, in the 
microwave integrated circuit multi-chip-module accord- 
ing to the present invention, to a package having a high 
frequency transmission line is formed on the surface 
and carrying a plurality of microwave integrated circuits, 
is bonded a shielding member, which has recesses 
formed such as to face the high frequency transmission 
line and each of the microwave integrated circuits and 
shielding wall portions partitioning the recesses from 
one another. It is thus possible to electromangetically 
shield the high frequency circuit and each of the micro- 
wave integrated circuit from one another with a single 
shielding member, thus simplifying the process of bond- 
ing the shielding member. 

[0062] In addition, by hermetically sealing the surface 
of the package substrate and the outer periphery of the 
shielding member from each other with fillets of a water- 
resistant resin or a solder, it is possible to improve the 
yield of the hermetically sealing. 

[0063] Furthermore, the microwave integrated circuit 
multi-chip-module mounting structure according to the 
present invention comprises a microwave integrated cir- 
cuit multi-chip-module with external connection elec- 
trodes provided on the side face of a package substrate 
and a mounting substrate having a receptacle member 
with the microwave integrated circuit multi-chip-module 
mounted therein, the receptacle member being pro- 
vided with flexible connector terminals connected to the 
external connection terminals. Even when microwave 
integrated circuit multi-chip-module is inflated by heat 



generation in the microwave integrated circuits, the con- 
nection between the external connection electrodes and 
the connector electrodes are maintained, and it is thus 
possible to improve the reliability of the connection 

5 between the microwave integrated circuit multi-chip- 
module and the mounting substrate. 
[0064] In the present invention, a buffer plate such as 
Cu/W buffer plate may be inserted between the pack- 
age substrate (AIN) and the high frequency circuit por- 

10 tion (GaAs) in order to reduce the mechanical stress 
caused to the high frequency circuit portion due to the 
difference of the temperature expansion coefficients 
therebetween. 

[0065] Changes in construction will occur to those 
is skilled in the art and various apparently different modifi- 
cations and embodiments may be made without depart- 
ing from the scope of the present invention. The matter 
set forth in the foregoing description and accompanying 
drawings is offered by way of illustration only. It is there- 
to fore intended that the foregoing description be regarded 
as illustrative rather than limiting. 

Claims 

25 1. A microwave integrated circuit multi-chip-module 
comprising a package substrate having a high fre- 
quency transmission line formed on the surface, a 
plurality of microwave integrated circuits mounted 
thereon, and a shielding member bonded to the 

so surface of the package substrate and electromag- 
netically shielding the high frequency transmission 
line and each microwave integrated circuit from 
each other, wherein: 

35 the shielding matter has recesses formed such 

as to face the high frequency transmission line 
and the microwave integrated circuits and 
shielding wall portions partitioning the 
recesses from one anther. 

40 

2. The microwave integrated circuit multi-chip-module 
according to claim 1, wherein the surface of the 
package substrate and the outer periphery of the 
shielding member are hermetically shielded from 

45 each other by fillets made of a water-resistant 
material; or a solder. 

3. The microwave integrated circuit mu I ti -chip-module 
according to claim 1 or 2, wherein the package sub- 
so strate has a tubular waveguide part for guiding elec- 
tromagnetic waves inputted to or outputted from the 
high frequency transmission line. 

4. The microwave integrated circuit multi-chip-module 
55 according to claim 3. wherein the waveguide part 

has a plurality of via holes formed in a predeter- 
mined interval in a tubular fashion in the package 
substrate. 
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5. A mounting structure for mounting a microwave 
integrated circuit multi-chip-module comprising the 
microwave integrated circuit multi-chip-module 
according to claim 1 or 2, and a mounting substrate 
with the microwave integrated circuit multi-chip- 5 
module mounted therein, wherein: 

the side surfaces of the package module of the 
microwave integrated circuit module has exter- 
nal connection electrodes connected to the 10 
microwave integrated circuits, and the mount- 
ing substrate has a receptacle member with the 
microwave integrated circuit multi-chip-module 
mounted therein and having flexible connector 
terminals connected to the external connection 15 
electrodes of the microwave integrated circuit 
multi-chip-module. 

6. The mounting structure of the microwave integrated 
circuit multi-chip-module according to claim 5, 20 
wherein at least a portion of parts of the mounting 
substrate and the receptacle member that face the 
microwave integrated circuit multi-chip-module 
when the microwave integrated circuit multi-chip- 
moduie is mounted in the receptacle member, has 25 
an opening, a projection formed in a support mem- 
ber with the microwave integrated circuit multi-chip- 
module mounted therein being inserted through the 
opening. 

30 

7. A microwave integrated circuit multi-chip-module 
comprising a package substrate of a high tempera- 
ture co-fired ceramic of a dielectric property includ- 
ing a plurality of high frequency circuit portions 
formed on the surface, and a shielding member of a 35 
non-magnetic metal having plurality of recesses 
formed in position corresponding to the respective 
high frequency circuit portions, the package sub- 
strate and the shielding member being bonded for 
electromagnetically shielding the high frequency 40 
circuit portions. 

8. The microwave integrated circuit multi-chip-module 
according to claim 7, wherein the shielding member 

is made of tungsten. 45 

9. The microwave integrated circuit multi-chip-module 
according to claim 1 or 7, wherein the package sub- 
strate is made of aluminum nitride, beryllia or silicon 
nitride. so 

10. The microwave integrated circuit multi-chip-module 
according to claim 7, wherein the package sub- 
strate and the shielding member being bonded 
together by a conductive adhesive or a solder. 55 

11. The microwave integrated circuit multi-chip-module 
according to claim 7, wherein surface of the pack- 



age substrate and edge of the shielding member 
are hermetically sealed to one another by fillets of 
moisture-resistant resin or a solder. 

12. A mounting structure for mounting a microwave 
integrated circuit multi-chip-module comprising a 
package substrate of a high temperature co-fired 
ceramic of a dielectric property including a plurality 
of high frequency circuit portions formed on the sur- 
face, a shielding meter of a non-magnetic metal 
having plurality of recesses formed in position cor- 
responding to the respective high frequency circuit 
portions, the package substrate and a plurality of 
leadless chip carrier electrodes, the shielding mem- 
ber being bonded for electromagnetically shielding 
the high frequency circuit portions; and 

a receptacle having a plurality of flexible con- 
nector electrodes each connected to the corre- 
sponding leadless chip carrier electrode. 

13. The mounting structure according to claim 12, 
wherein the leadless electrodes is mounted by a 
solder re-flow on a printed circuit board as a mount- 
ing board. 

14. The mounting structure according to claim 12. 
wherein the leadless electrodes is mounted by a 
solder re-flow on a printed circuit board as a mount- 
ing board and the printed circuit board is secured a 
mother board as a support member of a metal. 

15. The mounting structure according to claim 12, 
wherein the leadless electrodes is mounted by a 
solder re-flow on a printed circuit board as a mount- 
ing board, the printed circuit board is secured a 
mother board as a support member of a metal, and 
the projection of the mother board has a rectangu- 
lar hole facing rectangular cavity formed in the 
multi-chip-module functioning as part of the tubular 
waveguide. 

16. The mounting structure according to claim 5 or 12, 
wherein the package substrate is made of alumi- 
num nitride, beryllia or silicon nitride. 

17. The microwave integrated circuit multi-chip-module 
according to claim 1 or 7, wherein a buffer plate is 
inserted between the package substrate and the 
high frequency circuit portion in order to reduce the 
mechanical stress caused to the high frequency cir- 
cuit portion due to the difference of the temperature 
expansion coefficients. 

18. The mounting structure according to claim 5 or 12, 
wherein a buffer plate is inserted between the pack- 
age substrate and the high frequency circuit portion 
in order to reduce the mechanical stress caused to 
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the high frequency circuit portion due to the differ- 
ence of the temperature expansion coefficients. 
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(57) A package substrate 3 has a high frequency 
transmission line, which is formed by a high frequency 
circuit layer 8 formed on the surface, a grounding layer 
10b formed thereunder and a dielectric ceramic inter- 
vening between the layers 8 and 10b, and also has a 
plurality of MMICs 14. A lid 18 as a shielding member 
which electromangetically shields the high frequency 
transmission line and the MMICs 14 from one another, 
is bonded to the surface of the package substrate 3. The 
lid 18a has recesses 18a formed such as to face the 
high frequency transmission line and the MMICs 14. 
The surface of the package substrate 3 and the outer 
periphery of the lid 18 are hermetically sealed together 
by water-resistant resin. Thus, a step of bonding a 
shielding member is simplified and the yield of hermetic 
sealing of the bonded part of the shielding member is 
improved. 
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